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Introduction
All OTA measurement systems covered in TR 37.941 [1] have the dedicated description under clause 8 of how measurement system calibration (also known as range path loss calibration) is performed. All of them are based on an “absolute” approach where different devices are used for path loss calibration and BS testing and this drives to double MU contributors. 
This contribution presents the overall description of a relative calibration approach, eventually applicable to all systems, and serves as technical justification for the corresponding CR to implement this option in TR 37.941.
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As mentioned in the introduction, current approach in TR 37.941 describes, for all methods, the usage of a (Vector) Network Analyzer or a combined Signal Generator / Receiver to perform the system calibration, or range path loss calibration.
That is reflected in the MU by having two separate set of sources related to the measurement equipment, both on the system calibration (Stage 1) and BS measurement (Stage 2). The following is an example of the MU derivation for EIRP accuracy measurements for Compact Antenna Test Range:
Table 9.2.3.3-2: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions, FR1
UID
Uncertainty source
Uncertainty value (dB)
Distribution of the
Divisor based
ci
Standard uncertainty ui (dB)


f ≤ 3 GHz
3 < f ≤ 4.2 GHz
4.2 < f ≤ 6 GHz
probability
on distribution shape

f ≤ 3 GHz
3 < f ≤ 4.2 GHz
4.2 < f ≤ 6 GHz
Stage 2: BS measurement
　
A2-1a
Misalignment and pointing error of BS (for EIRP)
0.00
0.00
0.00
Exp. normal
2.00
1
0.00
0.00
0.00
C1-1
Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
0.14
0.26
0.26
Gaussian
1.00
1
0.14
0.26
0.26
A2-2a
Standing wave between BS and test range antenna
0.21
0.21
0.21
U-shaped
1.41
1
0.15
0.15
0.15
A2-3
RF leakage (SGH connector terminated & test range antenna connector cable terminated)
0.00
0.00
0.00
Gaussian
1.00
1
0.00
0.00
0.00
A2-4a
QZ ripple experienced by BS
0.09
0.09
0.09
Gaussian
1.00
1
0.09
0.09
0.09
A2-12
Frequency flatness of test system
0.25
0.25
0.25
Gaussian
1.00
1
0.25
0.25
0.25
Stage 1: Calibration measurement
　
C1-3
Uncertainty of the network analyzer
0.13
0.20
0.20
Gaussian
1.00
1
0.13
0.20
0.20
A2-5a
Mismatch of receiver chain between receiving antenna and measurement receiver
0.13
0.33
0.33
U-shaped
1.41
1
0.09
0.23
0.23
A2-6
Insertion loss of receiver chain
0.18
0.18
0.18
Rectangular
1.73
1
0.10
0.10
0.10
A2-3
RF leakage (SGH connector terminated & test range antenna connector cable terminated)
0.00
0.00
0.00
Gaussian
1.00
1
0.00
0.00
0.00
A2-7
Influence of the calibration antenna feed cable
0.02
0.02
0.02
U-shaped
1.41
1
0.02
0.02
0.02
C1-4
Uncertainty of the absolute gain of the reference antenna
0.50
0.43
0.43
Rectangular
1.73
1
0.29
0.25
0.25
A2-8
Misalignment positioning system
0.00
0.00
0.00
Exp. normal
2.00
1
0.00
0.00
0.00
A2-1b
Misalignment and pointing error of calibration antenna
0.50
0.50
0.50
Exp. normal
2.00
1
0.25
0.25
0.25
A2-9
Rotary joints
0.05
0.05
0.05
U-shaped
1.41
1
0.03
0.03
0.03
A2-2b
Standing wave between calibration antenna and test range antenna
0.09
0.09
0.09
U-shaped
1.41
1
0.06
0.06
0.06
A2-4b
QZ ripple experienced by calibration antenna
0.01
0.01
0.01
Gaussian
1.00
1
0.01
0.01
0.01
A2-11
Switching uncertainty
0.26
0.26
0.26
Rectangular
1.73
1
0.15
0.15
0.15
Combined standard uncertainty (1σ) (dB)
0.57
0.65
0.65
Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
1.11
1.27
1.27


There is an alternative to this absolute approach that minimizes the measurement uncertainty by using a relative approach based on a reference receiver. This approach, presented in the following section, was initially presented in [3][4] applied to PWS. 
Path Loss Calibration – Relative approach
Range path loss relative approach based on a reference receiver is briefly described in [5], annex G.4, and has a simple foundation: same measurement equipment is used in both stages (calibration and measurement) while a reference receiver, with good absolute accuracy, is used during calibration stage. Following this approach:
· The final DUT measurement becomes relative, and thus the absolute accuracy of the measurement receiver / signal generator is cancelled out.
· The absolute accuracy of the reference receiver replaces the one for the network analyzer on Stage 1 – Calibration measurement.
· Mismatch sources are also minimized since there is no change in the measurement path between calibration and BS measurements.
A high-level description of both Tx and Rx path loss measurements is provided in the following sections, while the impact on MU is described in section 3.3 using the same example for CATR shown above. 
Tx path loss calibration
In case of transmitter measurements, the relative approach step-by-step procedure is as follows:
1) Connect the reference receiver to the RF output port of the signal generator, as shown in figure 3.1-1, using a reference cable and a matching attenuator.
[image: ]
Figure 3.1‑1: Absolute Power Calibration with Reference Receiver

2) Set the frequency  and the output power  of CW signal at the output D of the signal generator.
3) Measure  at the interface E which is the input of the reference receiver.
4) Replace the reference receiver with the reference antenna at the interface E and connect the measurement receiver to the RF output port B of the Measurement Antenna as shown in figure 3.1-2. The phase center of the reference antenna A shall be aligned with the coordinate system. The interface A shall coincide with the origin of the DUT positioner coordinate system. Realized gain of the reference antenna  in the direction towards Measurement Antenna is known. 
[image: ]
Figure 3.1‑2: Tx range path loss Calibration with Reference Receiver

5) Measure  at the interface C which is the input of the measurement receiver.
6) Calculate path loss value  between the interfaces A and D for EIRP measurement. Note that  includes absolute level uncertainty of the measurement receiver which is cancelled out during EIRP measurement.




Rx path loss calibration
In case of receiver measurements, the relative approach step-by-step procedure is as follows:
1) Connect the signal generator to the input B of Measurement Antenna and the input of the reference receiver to the RF output port D of the reference antenna, as shown in 3.2-1. The phase center of the reference antenna A shall be aligned with the coordinate system A. Realized gain of the reference antenna  in the direction towards Measurement Antenna is known.
[image: ]
Figure 3.2‑1: Rx range path loss Calibration with Reference Receiver

2) Set the frequency  and the output power  of CW signal at the output C of the signal generator.
3) Measure  at the interface D which is the input of the reference receiver.
4) Calculate path loss value  between the interfaces A and C for EIS measurement. Note that  includes absolute level uncertainty of the signal generator which will be cancelled out during EIS measurement.




Impact on Measurement Uncertainty
The following clauses describe what and how MU sources are affected by this relative calibration approach, and provide example values for frequencies ≤ 4.2 GHz in order to visualize the corresponding gain in MU. It has to be noted this method is applicable irrespective of the frequency range.
[bookmark: _Ref13480152]Measurement Receiver
As described in previous section, a relative calibration approach for Tx measurements can be used where the same receiver is used for both calibration and DUT measurements steps. Therefore, the final DUT measurement becomes relative and the absolute accuracy of the measurement receiver is cancelled out.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.000
	0.000
	dB
	Gaussian
	1
	1
	0.000
	0.000


[bookmark: _Ref13579080]
RF signal generator
As described in previous section, a relative calibration approach can be used for Rx measurements where the same generator is used for both calibration and DUT measurements steps. Therefore, the final DUT measurement becomes relative and the absolute accuracy of the RF signal generator receiver is cancelled out.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	C1-2
	Uncertainty of the RF signal generator
	0.000
	0.000
	dB
	Gaussian
	1
	1
	0.000
	0.000



Calibration equipment
As described in previous section, a relative measurement approach can be used where the same receiver/generator is used for both calibration and DUT measurements steps. Therefore, the final DUT measurement becomes relative and the absolute accuracy of the measurement receiver/generator is cancelled out. In order to achieve this a high accuracy reference receiver (e.g. R&S NRQ6) is used to minimize the measurement uncertainty.
In this case, the uncertainty source of the network analyzer (UID C1-3) can be replaced by the RSS of the following terms:
· Signal generator: absolute output level. The absolute output level of the signal generator stays constant during both measurement stages. This uncertainty is set to zero.
· Signal generator: output level stability. The output level stability of the signal generator is measured connecting a power sensor at the output port of the generator. The power in dB is measured at five different time steps. The uncertainty is determined by taking the maximal difference in the measurements results for each considered frequency. A normal distribution is assumed for this uncertainty.
· Measurement receiver: absolute level. The error due to the absolute level of the measurement receiver is cancelled due to its presence in both path loss calibration and DUT measurement. This uncertainty is set to zero. Not applicable to sensitivity measurements.
· Reference receiver: absolute level. The error due to the absolute level of the power sensor is taken from the manufacturer’s datasheet. Using R&S NRQ6 as example of reference receiver, and assuming an absolute value of 0 dBm, the error is equal to 0.11 dB. An expanded normal distribution is assumed for this uncertainty.
· Reference receiver: mismatch loss. Using R&S NRQ6 as example of reference receiver, the VSWR is equal to 1.2 according to the manufacturer’s datasheet [6]. The absolute value of the complex reflection coefficient of the port of the power sensor  is calculated as shown in section 0. The following equation is used to estimate the mismatch loss of the power sensor, and a U-shaped distribution is assumed for .

· Reference receiver: linearity. The error due to the linearity of the reference receiver is set to zero: the power sensor is used for single power level measurement only for each considered frequency.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	1
	1 Calibration equipment (i.e. reference receiver, measurement receiver and generator)
	0.059
	0.059
	dB
	Normal
	1
	1
	0.059
	0.059


1 Replaces C1-3 Uncertainty of the network analyzer
[bookmark: _Ref13493521]
Mismatch
In general, the absolute value of the complex reflection coefficient  can be calculated from the VSWR, or the Return Loss, according to:

Equation G.1 from [5] can be used to calculate the error due to mismatch the 2 ends of a RF path:

As described for the previous term, the mismatch error is also minimized because of the relative measurement approach. Therefore, this term is calculated as RSS of the following terms:
· Mismatch between the reference receiver and the reference cable. The reflection coefficient of the reference receiver and the generator, together with the path loss between these two elements is used to calculate this term.
· Mismatch between the reference cable and the reference antenna. The reflection coefficient of the reference antenna and the generator, together with the path loss between these two elements is used to calculate this term.
Specifications from typical equipment and an actual chamber has been used to calculate the example values in the following table:
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	1
	1 Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	0.06
	0.05
	dB
	U-shaped
	√2
	1
	0.041
	0.034


1 Using CATR as example, replaces A2-5a Mismatch of receiver chain between receiving antenna and measurement receiver

Conclusion
In this contribution we have presented the background for the relative calibration approach while concrete text proposal is provided in [2].
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